
The need t o  r educe  s ize  and weight  of e lectr ical  
equipment is probably most felt when such equipment is i n t e n d e d  
for  use aboard  a s p a c e  veh ic l e .  Electrical  Eng inee r s  are 
con t inuous ly  cha l l enged  t o  i n v e n t  means whereby such  equipment 
can be made very  l i g h t  and compact w i t h o u t  i n c u r r i n g  any a d v e r s e  
losses i n  o t h e r  impor t an t  q u a l i t i e s  such as e f f i c i e n c y ,  relia- 
b i l i t y ,  and s i m p l i c i t y ,  

I n  a n t i c i p a t i o n  of t h e  need for  high-power AC s u p p l i e s ,  
t h e  problem of conve r s ion  from a v a i l a b l e  d i r e c t  v o l t a g e  t o  
a l t e r n a t i n g  v o l t a g e  having  a s p e c i f i e d  f requency  has ,  i n  t h i s  
s e n s e ,  been of p a r t i c u l a r  in terest  t o  t h e  wr i te r ,  This problem 
was pursued c l o s e l y  only  fo r  t h e  d u r a t i o n  of t h e  summer of 1962, 
Consequent ly ,  t h e  f i n d i n g s  which w i l l  be summarized i n  t h i s  
s e c t i o n  of t h e  progress r e p o r t  are q u i t e  p r e l i m i n a r y  i n  n a t u r e  
and much work need s t i l l  be done b e f o r e  s a t i s f y i n g  r e s u l t s  w i l l  
be r e a l i z e d ,  

REDUCTION O F  S I Z E  ANI) WEIGHT 
The F i l t e r ,  
i n v e r t e r ,  t k e  magnet ic  core w i t h  i t s  winding,s and t h e  o u t p u t  
f i l t e r  c o n s t i t u t e  t h e  major p o r t i o n  of the  b u l k  of the  c o n v e r t e r ,  
Flence, e s p e c i a l l y  i n  high-power sys tems any r e a s o n a b l e  pe rcen tage  
weigh2 r e d u c t i o n  in t h e s e  two items may very  well prove t o  be of 
c o n s i d e r a b l e  v a l u e ,  Thus the i n v e r t e r  t r a n s f o r m e r  core and t h e  
f i l t e r  r e c e i v e  first a t t e n t i o n .  

I n  a magne t i ca l ly  coupled s t a t i c  d-c t o  a-c 

L e t  t h e  r e q u i r e d  output  voltage he a s i n u s o i d  of f requency  
f as shown in F i g u r e  I, 
Figure  1 is a s q u a r e  wave which is o f t e n  the shape  of the u n f i l t e r e d  
o u t p u t  of a s t a t i c  i n v e r t e r ,  The harmonic c o n t e n t  of such  a 
wave i s  48,4%(1) of which t h e  t h i r d  harmonic c o n s t i t u t e s  a large 
p o r t i o n ,  
t h e  t h i r d  harmoni 's el iminated and t h e  harmonic c o n t e n t  is 
reduced  t o  30,9%, Pl.3 F u r t h e r  r e d u c t i o n  of harmonics may be 
ach ieved  i f  t h e  o u t p u t  o f  t h e  i n v e r t e r  i s  made t o  be a s t epped  
wave such  as shown, for  example, i n  F igu re  3(a) or  3(b)  where, 
by p r o p e r  ad jus tmen t  of t h e  s t e p  h e i g h t s ,  i t  is  p o s s i b l e  to 
e l i m i n a t e  all odd harmonics below t h e  1 1 t h  and r educe  t h e  harmonic 
c o n t e n t  t o  1 5 , , l . % 0 ~ ~ ) 9 ~ ~ ) , ( 3 )  I n  high-power c i r c u i t s  t h i s  means 
a c o n s i d e r a b l e  r e d u c t i o n  in t h e  s i z e  and weight  of t h e  f i l t e i l  
r e q u i r e d  to y i e l d  a t o t a l  arrnonic d i s t o r t i o n  r e p r e s e n t a t i v e  of 

Superimposed on t h e  s i n e  wave shown i n  

V i t h  a semi-square wave o u t p u t  as d e p i c t e d  i n  F i g u r e  2 ,  

ae ro-space  s p e c i f i c a t i o n s ,  21) 



The Magnetic C o r e  and Vinding: 
I n p u t  vo ieage ,  t n e  s i z e  or a sa turable  core i n  an  i n v e r t e r  is 
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  time ( subsequen t ly  r e p r e s e n t e d  by 
tc) needed for t h e  core t o  b e  reset from t h e  maximum n e g a t i v e  
f lux -excur s ion  l e v e l  ( - + m )  t o  t h e  maximum p o s i t i v e  f lux -excur s ion  
l e v e l  (+Om), (or v i c e  versa) ,  T h i s  t i m e  tc is in t u r n  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  number of t u r n s  on t h e  i n p u t  winding of t h e  
i n v e r t e r ,  
be I-educed by sfioi-teniiig the tirile tc, 

I t  i s  known t h a t  for a c e r t a i n  

Thus, t h e  s i z e  and weight  of t h e  core and winding may 

. * .  .SEPPE.n-\JAVF: SYNTHESIS 
I_- 

Convent ional  Kethod: 

are u s u a l l y  s y n t h e s i z e d  by summing a number of s u a r e  waves t h a t  
are p r o p e r l y  d i s p l a c e d  from one a n o t h e r  i n  t i m e , ? l ) , ( 2 )  
c l a r i f y ,  F igu re  4 shows how f i v e  s q u a r e  waves, d i s p l a c e d  p r o g r e s s i v e l y  
by 36 degrees  are summed t o  y i e l d  a s t e p p e d  wave having  f i v e  s t e p s  
p e r  h a l f  c y c l e ,  
would r e p r e s e n t  t h e  ou tpu t  v o l t a g e  of one i n v e r t e r  s t a g e ,  
the o u t p u t s  are summed i n  series t o  y i e l d  t h e  stepped-wave 
approximation of t h e  required s i n u s o i d ,  

I t  shou ld  be noted t h a t  a c c o r d i n g  t o  t h i s  scheme of 
s y n t h e s i s  all t h e  c o n s t i t u e n t  s q u a r e  waves have t h e  same f requency  
f ,  namely t h a t  of t h e  r equ i r ed  s i n u s o i d .  S i n c e  there is no dwe l l  
t i m e  i n  any of these c o n s t i t u e n t  s q u a r e  waves, t h e  f l u x  i n  t h e  
core of each i n v e r t e r  s t a g e  must change by 24m i n  1 / ? f  seconds 
r e g a r d l e s s  of how many s t e p s  t he  r e s u l t a n t  s t epped  wave i s  made, 
This immediately p l a c e s  a r e s t r i c t i o n  on t h e  core s i z e  of e v e r y  
i n v e r t e r  i n  t h e  system, 
magnet ic  cores and t h e  windings i n  t h e  i n v e r t e r  system are t h e n  
l i m i t e d  by t h e  s p e c i f i c a t i o n  on t h e  f requency  of t h e  s i n u s o i d a l  
ou tpu t .  I n  c o n t r a s t ,  t h e  number of s t e p s  is n o t  l i m i t e d  by t h e  
o u t p u t  f requency  and,  a t  f e a s t  i n  p r i n c i p l e ,  t h i s  number can  be 
made as l a r g e  as one p l e a s e s ,  i , e ,  t h e  s t e p p e d  wave can be made 
so c l o s e  a n  approximation t o  a s i n u s o i d  t h a t  no f i l t e r  is 
necessa ry  for a l l  p r a c t i c a l  purposes ,  What l i m i t s  t h e  number of 
s t e p s ,  as far as s i z e  and weight ape concerned,  is t h e  fac t  t h a t  
a p o i n t  is reached where t h e  increment  i n  t h e  s i z e  and weight  
of t h e  o v e r a l l  system due t o  t h e  a d d i t i o n  of one more i n v e r t e r  
s t a g e ,  (cor responding  t o  one more s t e p , )  i s  more t h a n  the  

Stepped waves of the form i l l u s t r a t e d  i n  F igu re  3 

To 

I n  a n  i n v e r t e r  system each  of t h e s e  s q u a r e  waves 
Thus, 

The minimum s i z e  and weight  of t h e  

cor responding  decrement i n  t h e  s i z e  and weight  of t h e  o u t p u t  
f i l t e r ,  

Proposed Method: 

T o  a c h i e v e  a r educ t ion  i n  t he  s i z e  and weight  
of t h e  magnetic cores and windings i n  a d d i t i o n  t o  t h a t  of t h e  
f i l t e r  each i n v e r t e r  s t a g e  must o p e r a t e  such  t h a t  a change of 
2 + m  i n  t h e  c o r e  f l u x  take p l a c e  i n  a p e r i o d  of t i m e  t c  t h a t  is 
c o n s i d e r a b l y  s h o r t e r  t h a n  1 / 2 f  where f i s  t h e  f requency  of %he 
desired s i n u s o i d a l  o u t p u t ,  
t i m e  tc i s  made e q u a l  t o  1/2nf where n is t h e  number of s t e p s  

A method is  proposed whereby t h e  
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p e r  half c y c l e  of t h e  syn thes i zed  s tepped  wave, 
the  s t epped  wave i s  syn thes i zed  as i l l u s t r a t e d  i n  F igu re  5 f o r  
t h e  case of s i x  s t e p s ,  It  is worthy of n o t i c e  that t h e  number 
of s t a g e s  is one l e s s  than the number of steps, 

i l l u s t r a t i n g  t h i s  method of s y n t h e s i s ,  The o u t p u t  of such an 
i n v e r t e r  would be a 3 - s t e p  wave as shown i n  F igu re  6(a). The 
problem is  then  twofold: first, t o  d e v i s e  means whereby t h e  
invertejc'. swftchirig elements ( i n  t h i s  case SCR's) may be t r i g g e r e d  
p r o p e r l y ,  bo th  sequence-wise and time-wise, so t h a t  each stage 
*r;@lds  t h e  d e s i r e d  output ;  second,  t o  d e v i s e  means whereby the J.----L i n d i v i d u a l  o u t p u t s  can be summed and successfully a p p l i e d  t o  a 
l o a d  

By t h i s  method 0 

A two-stage i n v e r t e r  is adequate fo r  e x p e r i m e n t a l l y  

Th i s  problem rece ived  first a t t e n t i o n  and c i r c u i t r y  w a s  
dev i sed  t o  accomplish,  a t  least in p r i n c i p l e ,  t h e  r e q u i r e d  t a s k ,  
A two-stage i n v e r t e r  is shown i n  block-diagram form i n  F igu re  7 .  
The s t a g e s  operate i n d e n t i c a l l y  and hence t h e  o p e r a t i o n  d u r i n g  
one complete c y c l e  w i l l  be d e s c r i b e d  f o r  one s t a g e  on ly ,  

OPERATIOI? OF O N E  INVERTER STqs;E, 

0 
Basic components i n  one i n v e r t e r  stage are: (4) Two-core 

The c i r c u i t  c o n f i g u r a t i o n  i s  shown 
s a t u r a b l e  t r ans fo rmer  and windings,  2 s i l i c o n - c o n t r o l l e d  rec t i f ie rs ,  
and two t u rn -o f€  c a p a c i t o r s ,  
i n  F igu re  8, and the ope ra t ion  du r ing  one c y c l e  is d e s c r i b e d  
b r i e f l y  i n  t h e  fo l lowing ,  
referred t o  Ref 4) 

(For  more d e t a i l s  t h e  r e a d e r  i s  

L e t  stage #1 be cons ide red ,  I n i t i a l l y  bo th  SCR's are 
i n  t h e  b locking  s t a t ep  each of t h e  c a p a c i t o r s  C I A  and C 1 B  is  
charged t o  E v o l t s p  and t h e  cores are s a t u r a t e d  t o  t h e  l e f t ,  
R e f e r r i n g  t o  F igure  6(3), at tl a p u l s e  of ve ry  short d u r a t i o n ,  
s h o r t  compared t o  t,, a r r i v e s  at t h e  g a t e  of SCRlA, As soon as 
t h i s  SCR starts conduct ing c a p a c i t o r  C1A is d i scha rged  through 
NrC'.until i ts  v o l t a g e  becomes e q u a l  t o  t h e  forward v o l t a g e  d rop  
across t h e  SCR, and t h e  s m a l l  core T 2 ' i s  momentarily reset t o  
the  r i g h t ,  
t h e  o u t p u t  winding N3',part of which is a p p l i e d  t o  t h e  reset 
winding N6?in such a way as t o  reset core T 2 ' t o  t h e  l e f t n  
a pe r iod  of t i n e  tc core T l ' s a t u r a t e s  to t h e  r i g h t ,  whence t h e  
f l u x  change must t a k e  place i n  cope T 2 ' t o  s u p p o r t  t he  i n p u t  
v o l t a g e ,  
"r 'wi th  such  a p o l a r i t y  as t o  back-bias  S C R l A ,  
a backward f l o w  of c u r r e n t  through t h e  SCR which the reby  is  
t u r n e d  off, (It  w i l l  be shown la te r  how t h e  back-bias  v o l t a g e  
t h a t  is made t o  appear  a c r o s s  SCRlA d u r i n g  t u r n  off c a n  be 
adequa te ly  used t o  t u r n  on a n  SCR i n  a n o t h e r  s t a g e , )  

Again r e f e r r i n g  t o  F igu re  6 ,  t h e  second h a l f  cycle of 
o q e r a t i o n  for  t h e  first s t a g e  starts wi th  t r i g g e r i n g  S C R l B  a t  
t 2 .  The e v e n t s  d u r i n g  the second half c y c l e  are s imi l a r  to 
t h o s e  d u r i n g  the f i r s t  w i th  C l B  and SCRlB r e p l a c i n g  C1A and 

But while S C R l A  is  conduct ing  v o l t a g e  is induced i n  

After 

This  causes  an  induced v o l t a g e  t o  appea r  on winding 
T h i s  r e s u l t s  i n  
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SCRlA r e s p e c t i v e l y .  The output  of t h e  first s t a g e  is r e p r e s e n t e d  
by p u l s e s  1 A  and 1B. 

0 

If A back-bias v o l t a g e  a p p l i e d  t o  an  SCR for a v 5 r  
s h o r t  d u r a t i o n  i n  o r d e r  t o  t u r n  it off may be  s u c c e s s f u  l y  iised 
t o  t u r n  on a n o t h e r  SCR since, i n  g e n e r a l ,  t h e  turn-on time fo r  
a n  SCR is s h o r t e r  t h a n  the  tu rn -o f f  t i m e ,  A s imple  arrangement  
t o  accomplish t h i s  is shown i n  F igu re  9, H e r e ,  the voltage G' fs 
conven ien t ly  chosen such t h a t  it t e n d  t o  forward b ias  t h e  gate 
of SLKLW uurrrry, C I K  u I ~ = = ~ ~ ~ ~  sf t i m e  when it i s  d e s i r e d  t h a t  t h i s  
SCR begin  t o  conduct  and t h a t  it t e n d  t o  back-bias  the gate other- 
w i s e .  Under t h i s  cond i t ion ,  when S C R U  is  be ing  t u r n e d  off and 
i ts  anode becomes nega t ive  wi th  r e s p e c t  t o  ground, base  c u r r e n t  
flows i n  t h e  base c i r c u i t  of t r a n s i s t o r  91. This t r a n s i s t o r  t h e n  
conducts  t h e  g a t e  c u r r e n t  for SCR2A and t h e  SCR t u r n s  on. A s  
long  as SCRlA is  conducting i n  t h e  forward d i r e c t i o n ,  Q1 is  back- 
b i a s e d  and no g a t e  c u r r e n t  can flow i n  t h e  g a t e  of SCRZA. 

- - - A *  3 - - -? - -  A.L- :..+ ..-.. .,i 

DIRECTING TtlE FIFST TRIGGER-PULSE 

I n  d e s c r i b i n p  the o p e r a t i o n - o f  one i n v e r t e r  s t a g e  
(F ig ,8)  it was mentioned t h a t  i n i t i a l l y  the cores are s a t u r a t e d  
i n  a predetermined d i r e c t i o n  and hence a c e r t a i n  SCR had t o  be 
t r i g g e r e d  f i r s t ,  As w i l l  be shown l a t e r  t h e  t r i g g e r i n g  scheme 
for  t h e  proposed i n v e r t e r  c o n f i g u r a t i o n  is such t h a t  p u l s e s  of 
s h o r t  d u r a t i o n ,  t o  be  der ived  from a Royer c i r c u i t  square-wave 
v o l t a g e  o u t p u t  w i th  a cons t an t  f requency  e q u a l  t o  t h e  desired 
s i n u s o i d a l  o u t p u t  f requency,  are s e q u e n t i a l l y  directed t o  two 
SCROs, one i n  each i n v e r t e r  s t a g e ,  Thus, wi thout  s p e c i f i c  
r e f e r e n c e  t o  l o c a t i o n  of SCR's, it w i l l  be shown how one of two 
SCR's is always t r i g g e r e d  first, r e g a r d l e s s  of the  i n i t i a l  
p o l a r i t y  of t h e  square-wave v o l t a g e  from which the t r i g g e r  p u l s e s  
are der ived .  

Here, c a p a c i t o r  C3 is i n i t i a l l y  d i scha rged  by v i r t u e  of t h e  
presence of t h e  b l e e d e r  resistor R9, I f ,  a t  t h e  beginning  of 
o p e r a t i o n ,  t h e  d o t t e d  ends of t h e  ou tpu t  windings N 7  and N8 of 
t h e  Royer c i r c u i t  are made p o s i t i v e  wi th  r e s p e c t  t o  t h e  o t h e r  
ends t h e n  a p u l s e  of c u r r e n t  flows through M 7  v i a  t h e  ser ies  
combination C3, g a t e  of S C R 1 ,  D4, R8, and D5. The t i m e  c o n s t a n t  
of R8 and C3 is very  small so t h a t  t h e  c u r r e n t  p u l s e  is  of very  
s h o r t  d u r a t i o n  and C3 charges qu ick ly  t o  approximate ly  V v o l t s  
w i th  i t s  bottom p l a t e  p o s i t i v e ,  As long  as t h e  d o t t e d  end  of N8 
is p o s i t i v e ,  4 3  is r eve r se  b i a s e d  and hence t h e  c a p a c i t o r  cannot  
d i s c h a r g e  through it. But  when t h e  p o l a r i t y  of t h e  v o l t a g e s  on 
N 7  and N8 r e v e r s e s  dur ing  the n e x t  h a l f  c y c l e  43 becomes p r o p e r l y  
b i a sed  for conductiori and C3 t h u s  d i s c h a r g e s  through the series 
combination 43, R8, g a t e  of SCR2, and D3, 
of o p e r a t i o n ,  on t h e  o t h e r  hand, t h e  d o t t e d  ends of N7 and N8 
are made n e g a t i v e  none of t h e  g a t e s  r e c e i v e s  a c u r r e n t  p u l s e  

T h i s  is done very s imply by t h e  c i r c u i t  shown in Figure  10, 

I f  a t  t h e  beginning  
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s i n c e  D5 blocks  the v o l t a g e  on N7 and t h e r e  is  no  charge  on C 3  
t o  be  d ischarged  through t h e  p r o p e r l y  biased Q 3 ,  

0 
TO SUM THE OUTPUTS 

Two consecu t ive  output  pulses, one from each , 
i n v e r t e r  s t a g e ,  occur  d u r i n g  every  haif c y c l e  of o p e r a t i o n  as 
i n d i c a t e d  i n  F igu re  6, A n  output  pulse from an  i n v e r t e r  s t a g e  
c o i n c i d e s  wi th  +he conduct ion of one of its SCR's, A t  t h e  end 
of each ou tpu t  p u i s e  both cores  i n  the inverter stage are left 
s a t u r a t e d  i n  one d i r e c t i o n  where as e x p l a i n e d  i n  t h e  o p e r a t i o n  of 
m e  i ~ v e ~ t e ~  stage, they must remain until t h e  second h a l f  c y c l e .  
S ince  t h e  o u t p u t  windings must be connected i n  series i n  o r d e r  
t o  g e t  t h e  desired stepped-wave ou tpu t ,  it w i l l  be shown i n  the 
fo l lowing  t h a t  t h i s  raises the  problem t h a t  t h e  o u t p u t  v o l t a g e  
p u l s e  from one s t a g e  t e n d s  t o  reset t h e  cores i n  t h e  o t h e r  d u r i n g  
an  u n d e s i r a b l e  i n t e r v a l  of t i m e  i n  t h e  half  c y c l e ,  For prope r  
o p e r a t i o n  it i s  t h 9 r e f o r e  necessary t o  bypass  t h e  o u t p u t  windings 
of t h e  i n v e r t e r  du r ing  such c r i t i c a l  t i m e  i n t e r v a l s ,  To i l l u s t r a t e  
w i t h  a diagram why and how t h i s  is done r e f e r e n c e  i s  made t o  
F igu re  11, For s i m p l i c i t y  both cores of each i n v e r t e r  s t a g e  
are r e p r e s e n t e d  i n  t h i s  diagram by onea 

Because of symmetry, t h e  o p e r a t i o n  of t h e  o u t p u t  c i r c u i t  
shown i n  F igure  11 will be descr ibed  only f o r  one h a l f  cycle,, 
The cores are i n i t i a l l y  s a t u r a t e d  t o  t h e  l e f t .  The first o u t p u t  
v o l t a g e  p u l s e  appears  on output  winding N3 and t ends  t o  make 
c u r r e n t  flow i n t o  t h e  d o t t e d  t e r m i n a l  of this winding. For  t h i s  
c u r r e n t  t h e  core i n  s t a g e  52  is  sa tura ted  and hence p r e s e n t s  a 
ve ry  l o w  impedance pa th ,  C lea r ly  n e i t h e r  SCRlC n o r  SCR2C can 
conduct  t h i s  c u r r e n t o  Thus, t h e  pa th  of c u r r e n t  is  through 
N 3 e , N 3 ' '  and t h e  load ,  The f i r s t  v o l t a g e  ends  w i t h  t h e  core of 
s t a g e  #l s a t u r a t e d  t o  t h e  r i g h t ,  An o u t p u t  v o l t a g e  p u l s e  t h e n  
appea r s  on o u t p u t  winding N3" and t ends  t o  make c u r r e n t  f low i n t o  
the  d o t t e d  t e r m i n a l  of t h i s  winding. If t h i s  c u r r e n t  is al lowed 
t o  f l o w  through N 3 '  t he  core of s t a g e  #I w i l l  be reset  which is  
n o t  d e s i r e d ,  The re fo re ,  part of t h e  v o l t a g e  on N3' is  used t o  
t r i g g e r  t h e  g a t e  of SCR2C which t h e n  bypasses  t h e  c u r r e n t  around 
N 3 '  and t h e  core of s t a g e  #I can be reset  on ly  very  s l i g h t l y  due 
t o  the  forward v o l t a g e  drop  across SCRPC. C l e a r l y  SCRlC cannot  
conduct  i f  its g a t e  s i g n a l  during t h i s  t i m e  i s  made ex t remely  
small, A t  t h e  end of t h i s  second o u t p u t  v o l t a g e  p u l s e  t h e  core 
of s t a g e  #2 is l e f t  s a t u r a t e d  t o  t h e  r i g h t ,  

Thus, d u r i n g  t h e  first half c y c l e  the cores i n  bo th  
i n v e r t e r  s t a g e s  are s a t u r a t e d  t o  t h e  r i g h t  and remain so u n t i l  
o u t p u t  v o l t a g e  p u l s e s  w i t h  r e v e r s e  p o l a r i t y  appear  d u r i n g  t h e  
second h a l f  c y c l e ,  The opera t ion  du r ing  t h e  second h a l f  c y c l e  
i s  similar t c  t h a t  du r ing  t h e  first w i t h  t h e  c u m e n t  d i r e c t i o n  
r e v e r s i n g  and S C R l C  a s s m i n g  the  role of bypassing t h e  c u r r e n t  
around N 3 ' I o  0 
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THE OVERALL TVO-STAGE INVERTER 

F igure  12 shoiJs the coinplete circuit of the two- 
s t a g e  i n v e r t e r ,  The only components here t h a t  have n o t  been 
d i s c u s s e d  Dreviously are R7 and windings N9 and N10 i n  t h e  t r i g g e r  
c i r c u i t ,  The r a s i d t a n c e  R7 is of such  a v a l u e  as t o  allow 
magnet iz ing  c u r r e n t s  t o  flow through windings N 2 '  and N2" when 
s w i t c h  S 5s closed momentarily, Thus brief c l o s u r e  of switch 
S before s t a r t i n g  t h e  t r i g g e r  c i r c u i t  gua ran tees  the  r e s e t t i n g  
of both  i n v e r t e r  cores t o  t h e  p rope r  d i r e c t i o n .  

C i r c u i t  o p e r a t i o n  is s tar ted when, af ter  e n e r g i z i n g  t h e  
(Royer) t r i g g e r  c i r c u i t ,  t h e  d o t t e d  end of N7 becomes p o s i t i v e  
w i t h  r e s p e c t  t o  t h e  undot ted end, 
markings on N9 and N10 then  shows t h a t  t h e  vo l t ageson  these 
windings have t h e  q u a l i t i e s  stated i n  t h e  s e c t i o n  on "Tr igge r ing  
One SCR From Another1', 

I n s p e c t i o n  of p o l a r i t y  

F i l t e r i n g  The Stepped Wave O u t p u t  

T ime  d i d  n o t  allow any work on t h i s  problem, 

TESTS AND F I N D I N G S  

The c i r c u i t  shown i n  F igure  12 was b u i l t  and 
tested very  b r i e f l y ,  wi thout  a f i l t e r ,  w i t h  b o t h  p u r e l y  r e s i s t i v e  
l o a d s  and s l i g h t l y  i n d u c t i v e  loads, Opera t ion  w a s  s t ab le  f o r  
medium loads only ,  Time l i m i t a t i o n s  d i d  n o t  allow a deep and 
thorough i n v e s t i g a t i o n  of c i r c u i t  i r r e g u l a r  behav io r  w i t h  l a r g e  
l o a d s  

CONCLUS I O N S  

Much work need s t i l l  be done b e f o r e  any v a l i d  
conc lus ions  can  be drawn, I t  is s t r o n g l y  b e l i e v e d ,  however, 
t h a t  f u r t h e r  i n v e s t i g a t i o n  i n t o  t h i s  problem may lead t o  t h e  
i n t r o d u c t i o n  of few modi f i ca t ions  i n t o  t he  c i r c u i t  which w i l l  
make it o p e r a t e  r e l i a b l y  and e f f i c i e n t l y ,  

Work i n  t h i s  area w a s  t e rmina ted  i n  September, 1 9 6 2 ,  
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Fig. 1 A s ine  wave and a square 
wave 
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Fig, 2 A s i n e  wave and a semi-square 
wave 
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Fig. 3 (a )  A Stepped Wave and A Sine  Wave 

(b) Alternative Steps 
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Fige 4 A f ive-s tep  stepped wave and 
constituent square waves., 
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Figo 5 Another method of synthes is  of a 
stepped wave 
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Fig. 6 (a) A 3-step stepped wave and c o n s t i t u e n t s  

(b) Trigger p u l s e s ,  
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Figo 7 Block Diagram of Two-Stage 
Inverter. 



Fig.8 Inverter Stage #le 



Figo 9 Triggering One SCR From 
Another 

b 



4- 

OUTPUT WINDINGS FROM 
ROYER CIRCUIT 

Fig,  10 First-Pulse Directing 
Circui t  ., 
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output winding 
from Stage #l 

output winding 
from Stage C2 

F i g .  11 Output Circui t  




